With the introduction of potent synthetic analgesics, it became evident upon clinical evaluation that the ambulatory patient more frequently displayed the signs and symptoms of toxicity than the bed-ridden patient. Thus, the occurrence of dizziness, nausea and vomiting was appreciably increased in the patient who was up and about and who was receiving meperidine and methadon (1-4). This phenomenon was not readily appreciated in the case of morphine in ambulant patients because this drug is used principally for seriously-ill bed patients and because of its decreased effectiveness when administered by the oral route. However, it had been recognized by many studying the effects of morphine in man that untoward reactions may occur more frequently in the upright position (5). Two possible approaches to the investigation of this problem were considered, the influence of such medications upon cardiovascular dynamics and their possible alterations of vestibular function. Since preliminary investigations in our laboratory failed to reveal any significant aberrations in cardiovascular dynamics with these drugs (6) this study was initiated to determine the effects of potent analgesics upon labyrinthine function.
With the introduction of potent synthetic analgesics, it became evident upon clinical evaluation that the ambulatory patient more frequently displayed the signs and symptoms of toxicity than the bed-ridden patient. Thus, the occurrence of dizziness, nausea and vomiting was appreciably increased in the patient who was up and about and who was receiving meperidine and methadon (1) (2) (3) (4) . This phenomenon was not readily appreciated in the case of morphine in ambulant patients because this drug is used principally for seriously-ill bed patients and because of its decreased effectiveness when administered by the oral route. However, it had been recognized by many studying the effects of morphine in man that untoward reactions may occur more frequently in the upright position (5) . Two possible approaches to the investigation of this problem were considered, the influence of such medications upon cardiovascular dynamics and their possible alterations of vestibular function. Since preliminary investigations in our laboratory failed to reveal any significant aberrations in cardiovascular dynamics with these drugs (6) this study was initiated to determine the effects of potent analgesics upon labyrinthine function.
METHOD
The methods employed were the cold micro-caloric test (7, 8) and galvanic stimulation of the mastoid area (9) . The former consists of the injection of 2 cc. of ice water (water with floating ice) into the external auditory canal with the head inclined laterally so that the ear to be tested is uppermost. The same ear is used throughout the test. The time for the onset of nystagmus to the contralateral side is recorded with a stop-watch; and, at that point, the head is returned to the upright position, and the canal emptied of water. The duration of the true nystagmus is then noted. This test measures the sensitivity and responsiveness of the peripheral end-organ in the labyrinth and lends itself to close repetition because of its simplicity and lack of unpleasantness to the subject. The ratio of the onset to the duration of nystagmus is used as a measure of labyrinthine sensitivity for comparative purposes, a decrease in this ratio being indicative of an increased responsiveness and an increase having the opposite implication.
The galvanic stimulation test is performed with the subject standing balanced on a tilt board holding the moistened cathode in one hand while the examiner applies the moistened anode to the contra-lateral mastoid area. The milliamperage necessary to effect tilting is noted. This method depends upon the integrity and sensitivity of the vestibular nerve tract and associated brain centers; and it, too, is devoid of complexity and rejection by the patient.
Sixteen ambulatory patients, none of whom presented any abnormalities of the ear, underwent 25 complete trials with one or more of the following drugs: codeine sulfate 60 mgms., meperidine hydrochloride 50 mgms., morphine sulfate 10 mgms., methadon 10 mgms., pantopon 20 mgms., and acetylsalicylic acid 0.6 gm. All medications with the exception of acetylsalicylic acid were given intramuscularly. In four additional subjects, six complete observations were accomplished in which dimenhydrinate 100 mgms. was ingested orally, followed 15 minutes later by the intramuscular administration of meperidine hydrochloride 50 mgms. or morphine sulfate 10 mgms. in three instances each.
The following was the procedure employed. The control period consisted of three micro-caloric determinations, at approximately five minute intervals, followed by a single base-line determination of the milliamperage required for tilting. One of the above drugs or combination of drugs was then administered. At roughly 20 minute intervals one micro-caloric test and one galvanic stimulation were done, for a total of at least three such determinations or until it was felt that the maximum vestibular effects had been produced and were receding.
RESULTS
The effects of meperidine hydrochloride, morphine sulfate, methadon hydrochloride and codeine sulfate upon the onset and duration of nystagmus and their ratios are presented in Tables I-IV has been recorded as unchanged. Codeine was the only drug of those included in this study which decreased the reactivity of the labyrinth. The onset of nystagmus was unchanged; however, the duration was decreased in every instance and the resultant ratio was materially raised in each of the six trials. Four of the six patients when tested galvanically exhibited an increase in the milliamperage needed to produce tilting.
Two patients were studied with pantopon and the results were similar to morphine sulfate (Table  V) . Acetylsalicylic acid was administered orally in a dose of 0.6 gm. and had no effect upon vestibular function as measured by these methods.
Having thus established that meperidine, morphine and methadon stimulate the labyrinthine mechanism, it was felt from our previous studies on the pharmacology of dimenhydrinate that the use of this medication prior to the administration of these potent analgesics would offset their action upon the balance mechanism (10) . This was borne out in two subjects in whom the vestibular effects of intramuscular meperidine were completely blocked by the use of 100 mgms. of dimenhydrinate orally. The third individual exhibited a partial inhibition of meperidine action. This is presented in Figure 5 . The comparative effects of dimenhydrinate and meperidine hydrochloride when administered alone are shown in four and five subjects, respectively. The same results were observed in three trials with dimenhydrinate and morphine sulfate.
In addition to the above studies, the action of meperidine 50 mgms. intramuscularly was observed in three subjects in both the supine and upright positions on successive days with the aid of the cold micro-caloric method alone (Table VI) .
In all three cases the prolongation of the induced nystagmus was greater when the patient was ambulant than when he was lying in bed throughout the observation period. Because of this observation, the resultant ratios tended to reflect an overall increase in labyrinthine sensitivity in the upright position in spite of the fact that two patients in this position exhibited a prolongaton in the onset of nystagmus, a fact which ordinarily would tend to decrease the vestibular responsiveness. This again is in agreement with our previous clinical evaluation of these drugs, and probably results from the greater stress placed upon the balance mechanism in the upright position.
DISCUSSION
The effects of the potent analgesic drugs such as meperidine, morphine and methadon upon vestibular function indicate that the higher incidence of untoward reactions noted when these therapeutic agents are used in ambulatory patients may possibly be due to the resultant increased sensitivity of the labyrinthine apparatus. However, we feel that this is not the entire explanation since the administration of codeine which apparently depresses vestibular function, still is attended by this same increased frequency of untoward reactions (12) . They concluded that "morphine administration produced a significant decrease in vestibular response," yet they also concluded that the nauseant and emetic effects of morphine were markedly enhanced by vestibular stimulation. These conclusions appear to us to be mutually contradictory. Their findings of a decrease in vertigo and duration of postrotational nystagmus after morphine justify their conclusion of vestibular depression, but our studies with the cold microcaloric and galvanic methods lead us to the opposite conclusion of vestibular stimulation. They also were unable to demonstrate the decreased labyrinthine sensitivity produced by dimenhydrinate, but they did note that the drug was capable of clinically decreasing the untoward symptoms resulting from morphine usage. SUMMARY 1. Vestibular responses to morphine, meperidine, codeine, methadon, pantopon and acetylsalicylic acid were studied in man by means of the cold micro-caloric and galvanic stimulation methods.
2. Morphine, meperidine, methadon, and pantopon increased labyrinthine sensitivity while codeine exerted an opposite action. Acetylsalicylic acid produced no changes in vestibular function.
3. Meperidine produced an increased reaction in the cold micro-caloric test in both supine and ambulant patients, but the response in the latter was of greater magnitude.
4 This resultant increased labyrinthine sensitivity may be partially responsible for the higher frequency of dizziness, nausea and vomiting encountered in ambulant patients. 
